The aim of this study was to figure out the response of the GH axis to selection criteria in broiler chickens. Plasma profiles of GH, IGF-I along with membrane GHR binding activity were examined during rapid growth phase in experimental lines of broiler chickens. The selection criteria applied influenced the plasma GH levels and the number of hepatic GHR. There was a higher plasma GH level in FC chickens compared to GL chickens while the opposite pattern was observed for GHR. The negative correlation between plasma GH levels and hepatic GHR suggest a down regulatory mechanism for GHR in broiler chickens. The absence of line differences in plasma IGF-I levels between GL and FC lines in spite of clear difference in growth rate and in plasma GH concentrations may support the concept that plasma IGF-I does not appear to be GH-dependent, implying the importance of other factors besides GH in the regulation of IGF-I in chickens. The slower growth rate as function of time in the FC line during rapid growth phase was followed by a phase of compensatory growth. On the basis of this growth curve pattern it can be hypothesized that the dynamics of GH action are shifted or extended to the phase of compensatory growth as an effect of the selection on feed conversion. This may be a causal mechanism for the different growth curve pattern in GL and FC lines. Assuming that the metabolic basis for these differences is better understood it may be possible to device other procedures for improving meat quality in poultry industry.
Introduction
The goals in manipulating growth process in animals are to improve productivity, productive efficiency and the quality of animal products. Growth results from a complex interaction between genotype and environmental factors. Both genetic and environmental factors are largely translated in hormonal signals by which these factors affect growth processes. The hormonal regulation of growth involves a complex sequence of interactions between different hormones. The somatotrophic (growth hormone, GH; growth hormone receptor, GHR: insulin-like growth factor, IGF-I) axis is considered to be one of the most important among them, because of their broad range of effects and central role in growth. The importance of circulating GH in mammalian species is well established. Administration of exogenous GH dramatically increases milk yield in dairy cows (Bauman et al., 1985) and improved carcass protein/fat ratio in sheep (Muir et al., 1983 . It has been clearly demonstrated that broiler chickens do not respond to exogenous GH in the same manner as other livestock which show a does-related increase in weight gain, feed efficiency, lean-body mass and plasma IGF-I levels in response to injection o f exogenous GH (Cogburn, 1991) . In younger broiler chickens no improvement in weight gain and body composition by injecting exogenous chicken growth hormone (cGH) could be obtained, probably because of low expression of GHR (Scanes et al., 1987; Burnside and Cogburn, 1990) . Older broiler chickens appear to show slow improvements in feed efficiency, growth rate and body composition in response to pulsatile infusion of cGH (Vasilatos-Younken et al., 1988) . Therefore, the pattern of administration and the broiler's age may determine the response to treatment with exogenous cGH. The growth promoting effects of GH were shown to mediated in part by the interaction of GH with its hepatic GHR and the subsequent higher production of IGF-I. It is widely accepted that hormones, growth factors and other agents exert their biological effects on target tissues by binding to specific receptors on the plasma membrane. Certain hormones (steroid and thyroid hormones) bind to receptors in the cytoplasm or nucleus of a target cell. Growth hormone binds with a high affinity and specificity to glycoproteins in the membrane and cytosol fractions of tissue and serum. The cGH resembled the mammalian GHR with the exception of low overall sequence homology and the absence of the exon 3 homologue of the human GHR (Burnside and Cogburn, 1991) . Although, GH directly or indirectly through IGF-I is known to stimulate growth by increasing skeletal growth and muscle deposition, it also affected lipid and carbohydrate metabolism and hence body fat stores (Decuypere and Buyse, 1988) . The metabolic and physiological effects of IGF-I appear to directly o r indirectly mediating anabolic responses associated with the stimulation of cell growth (Steel and Elasser, 1989) .
(1/40 dilution) a second 24h incubation period followed. The pattern of IGF-I secretion in rat is highly correlated After centrifugation at 2400 g for 10 min, the supernatant with pulsatile GH secretion (Bexter et al., 1983) . I n was aspirated and the precipitate was counted in a gcontrast, no correlation between plasma IGF-I levels and counter. The detection limit of the system was 2 ng/ml the pulsatile pattern of GH secretion in broiler chickens and no cross-reactivity with other pituitary hormones was has been reported (Johnson et al., 1990) . The observed. The intra-and inter-assay variation coefficient administration of recombinant human IGF-I in broiler was 4 and 15.5 % respectively. chickens significantly reduced abdominal fat content, but not total carcass lipid or growth rate (Huybrechts et al., Insulin-like growth factor radioimmunoassay: The 1992). The author suggests that a continuous infusion plasma concentration of IGF-I was measured with a of IGF-I may play a role as a fat repartitioning agent in heterologous radioimmunoassay described b y birds. In broiler chickens, plasma IGF-I are not Renaville et al. (1993) . 400 ml of acid-ethanol buffer was correlated with age-related changes in plasma G H added to 100 ml of plasma sample and incubated for 30 levels. Furthermore, it has been reported that plasma min at room temperature. The mixture was centrifuged IGF-I levels of young broiler cockerels do not respond to at 3 000 g for 30 min and the resulted supernatant exogenous cGH (McGuinness and cogburn, 1988) .
neutralized afterwards with 80 ml M-Tirs buffer for I h at Growth occurs in phases during which the composition 20 C. The resulted supernatant after centrifugation of body mass and endocrine regulation varies with the during 1 h at 3000 g is used as sample for RIA. 50 ml of stage of growth. Therefore, it is important to know these the extracted sample is diluted with assay buffer until a stages for the animal species in question because their final volume of 200 ml. 100 ml antiserum is added and link with the endocrine system and other metabolic the mixture is incubated for 1 h at 37 C. 100 ml 125I-pathways may ultimately determine the ability t o rbIGF-I is added and the mixture was incubated during manipulate growth. The present work was undertaken to 16-24 h at 4 C. At the end of incubation, 50 ml anticontribute to the clarification of the complex control rabbit-gammaglobulines was added and again the mechanism of the growth hormone axis related t o tubes were incubated for 24 h. The sample was growth and/or feed conversion pattern under various centrifuged at 3300 g for 15 min and the pellet was selection influences in broiler chickens.
counted in the g-counter. The intra-and inter-assay
Materials and Methods
Rearing management and sample collection: Male and female broiler chickens selected for 6-week body weight (GL) line or for feed efficiency between 3 and 6 weeks of age (FC line) were used. described the history and production traits of these lines. Chickens of both lines were reared in litter pens (3 pens with 12 chickens/sex/pen). Water and commercial pelleted broiler diet (13.2 MJ ME, 210g crude protein/kg) were provided ad libitum. Lighting was continuos and all environmental conditions were essentially the same for all birds. Blood samples were taken from the wing vein into heparinized syringes at 4, 5, 6 and 7 weeks of age. Plasma was stored at -20 C until assayed. At 4 and 7 o weeks of age 5-9 birds per sex from each line were killed, the liver were removed and stored at -20 C until o assayed were performed. GH and IGF-I were measured in plasma and liver was used for quantification o f hepatic GHR activity.
Growth hormone radioimmunoassay (RIA): Chicken GH was measured with a homologous RIA as described by . Affinity-purified cGH was iodinated using the chloramine-T method (Greenwood et al., 1963) . 20 ml sample or standard GH (2-200 ng/ml) was incubated for 24 h with 100 ml mouse monoclonal GH antiserum (½-106 ascites) and 100 ml tracer. After adding 50 ml goat antimouse antiserum 
Growth hormone receptor binding activity:
The hepatic GHR were determined as described by Vanderpooten et al. (1991) . Microsomal fractions from individual livers were prepared and stored at 20 C. In order to remove o endogenous hormone from the receptors, membranes were treated with a 3 M MgCl solution, which resulted in 2 a protein loss of approximately 40%. After dilution with 2 ml ice-cold Tris-HCl buffer, the mixture was centrifuged at 2000 g for 10 min at 4 C and the pellet washed with 1 o ml Tris-Hcl buffer. Protein concentration was estimated on these membranes using the method of Lowry, modified by Peterson (1977) . Specific binding of cGH was determined by incubating 100 ml 125I-cGH (35 × 103 cpm) with 100 ml membrane fraction, after in the presence or in the absence of an excess of unlabelled cGH (500 ng/100 ml/tube). The radioactivity in pellets was c ounted in a g-counter. Specific binding was calculated by subtracting nonspecific binding from total binding and expressed as % of total cpm added per mg protein.
From these results the receptor-binding parameters (Bmax and Ka) were calculated using the LIGAND program (Munson and Rodbard, 1980) .
Statistical analysis:
Statistical analyses were performed using the statistical package GLM (General Linear Model) procedure. For all data sets the fixed effect of line, Means with no common superscripts are significantly different (p<0.05). sex was investigated by ANOVA. The significance of the (p<0.05) higher compared to the FC birds. The fixed effect in the ANOVA models was assessed using calculated binding affinity is shown in Fig. 3 . No line F-tests for the variance ratio. If a significant effect of differences in binding affinity were found. variables was calculated, means were contrasted by Duncan's multiple range test.
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Results
between circulating hormone levels and growth is by
The overall means of plasma GH concentrations in male measuring these characteristics in animals with widely and female broiler chickens from GL and FC lines are different of growth rates. It is clear that there is no simple presented in Table 1 . The marked age-dependent relationship. The results of this study clearly indicate that pattern in GH concentrations was found in both GL and the GL selected line which had an early rapid growth rate FC chickens. Comparison of sexes within lines shows and achieve higher body weight had consistently lower a significant sex effect (p<0.05), with higher G H plasma growth hormone levels than the FC line which concentrations in male compared to female birds.
have been selected for better feed conversion rate. The Between line comparison, the FC chickens showed age-related changes in plasma growth hormone significantly higher GH levels at 4, 5, 6 and 7 weeks of concentrations as well as the higher GH levels found in age ( Fig. 1) . The means plasma IGF-I levels are male broilers compared with females birds during the summarized in Table 2 . Male birds showing in general rapid growth phase confirm earlier data (Decuypere et higher plasma GH levels than female in GL birds but al., 1993). The existence of significant differences in this pattern was not uniform within FC chickens. The plasma GH between GL and FC chickens and the data on GHR binding activity are presented in Fig. 2-3 . A absence of any significant differences between high fat clear age dependent pattern in GHR binding activity was and low fat of broiler lines in plasma GH levels are recorded in chickens from both lines (Fig. 2) . Since at probably linked with differences in the episodic nature of week 7 the percentage of specific binding activity (%SB) GH releases in these differentially selected lines. The was significantly higher at week 4. No significant sex decreased GH mean values in older chickens (week 7) effect was found within lines in %SB at week 4 but a compared with those of the younger ones (week 4) clear sex effect was found at week 7, since %SB through the lines may be linked with the agewas significantly (p<0.05) higher in females compared dependently of the episodic nature of GH secretion to males. A clear line effect was evident between lines in (Buyse et al., 1994) and secretion rate or metabolic both 4 and 7 weeks, since there was a significantly clearance rate who were reported to be significantly (p<0.05) higher %SB in the GL birds than in the FC lower and higher at adult age compared to those at chickens (Fig. 2) . The calculated binding capacity (Bmax) young age in the domestic fowls (Lauterio et al., 1988) . and binding affinity (Ka) are presented in Figure 3 . The
In the present study no line difference in plasma IGF-I binding capacity in the GL birds was significantly was found in spite of a clear difference between GL and
Discussion
One way of understanding the possible relationship birds could be explained by the hypothesis that higher It can be concluded that, if the metabolic basis for weeks of age. a, b: groups sharing no common differences between different genetic lines is better letter are significantly different (p<0.05). Values understood, it may be possible to devise other are means ± SEM.
procedures for improving poultry productions. This may FC chickens in plasma GH concentrations during the rapid growth phase. No uniform trend was found for plasma IGF-I level in relation to age and sex. However, no sex differences in plasma IGF-I levels have been reported by other authors (Scanes et al., 1989) I n mammals the circulating IGF-I is a GH-dependent peptide showing a positive correlation with growth rate, circulating GH, hepatic GH-binding activity and plasma IGF-I concentrations (Etherton, 1987) . In contrast, in broiler chickens plasma IGF-I does not appear to be GHdependent at least not to a large extent. No response of plasma IGF-I levels to exogenous cGH has been reported in young broiler cockerels (McGuinness and Cogburn, 1988) . The data on plasma IGF-I show no correlation between plasma IGF-I levels and body weight gain in this genetic model of broiler chickens. In the present study no line difference in plasma IGF-I was found in spite of a clear difference between GL and FC chickens in plasma GH concentrations and body weight observed (Leung et al., 1987) . The plasma G H concentration data indicated a negative correlation between serum and GH profile and GH binding with age. The same inverse pattern was observed between GH concentrations in the circulation and the number of GHR has already been observed with GH administration to hypophysectomized chickens (Vanderpooten et al., 1991) . In this study the GH concentrations in females were lower than those in males while the opposite was found for the GH binding activity. The difference at this stage was probably due to a down regulation of the GH peaks in these lines lead to a greater occupancy of GH receptors, hence to an increased down-regulation and subsequently higher receptor degradation, leaving fewer receptors available to be bound by G H (Vanderpooten et al., 1993) . The present data showed that circulating GH-IGF-I could be uncoupled to a large extent, implying the importance of other factors besides GH in regulation of IGF-I in chicken. On the basis of this study it can be suggested that endocrine parameters may offer alternative approaches of genetic variability have further consequences for the poultry industry.
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